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Abstract: The effects of forest fertilizers on Calluna vulgaris, Vaccinium vitis-idaea, Cladina arbusculua, Cladina 
rangiferina and Cladina stellaris were studied during an eleven-year experimental period in Vasterbotten, Swe-
den. The study site was situated in the boreal region and was part of a 130 years old Pinus sylvestris stand. 
The forest type is mainly the dry dwarf-shrub type. 
Thirty-two demarcated plots (20 m x 20 m) were grouped into eight blocks, each containing four plots. In 
1979 and 1985 fertilizations with ammonium nitrate equiavalent to 150 kg N ha' 1 , with ammonium nitrate 
equiavalent to 250 kg N ha' 1 and with urea equiavalent to 150 kg N ha" 1 were carried out. 
Field sampling wad done in late July 1979, 1980, 1982, 1984, 1985, 1986, 1988 and 1990. Main parameters 
studied were coverage, height and standing crop. 
Effects were visible already after one growing season. A l l treatments had a positive effect on the growth of 
C. vulgaris and V. vitis-idaea. Doses around or over 150 kg N ha' 1 , gave a clearly negative effect (range 23 % 
- 73 %) on the standing crop of Cladina spp. for a period of time exceeding eleven years compared to the 
control standing crop. 
Key words: Fer t i l izat ion, winter pastures, Cladina arbuscula (Wallr .) Hale & C u l b . , Cladina rang-
iferina (L.) N y l . , Cladina stellaris (Opiz) Brodo , Cladina Spp., Vaccinium vitis-idaea (L.), Calluna 
vulgaris (L.) H u l l , Rangifer tarandus tarandus (L.), Sweden. 
Rangifer, 13 (4): 2 0 3 - 2 1 4 
Introduction 
Abundance and availability of winter forage are 
among the most important contro l l ing mecha-
nisms i n l i m i t i n g reindeer populations unless 
supplementary feeding is wide ly practiced (Ko-
jola & H e l l e , 1993). 
Lichen-dominated plant communit ies of the 
northern but also the middle boreal forest re-
gion (Sjors, 1987) f o r m the most important 
winter range areas. Lichens, dwarf-shrubs and 
wintergreen graminoids are a p r i m a r y source of 
winter food. Species l ike Cladina arbuscula 
(Wallr.) Hale & Culb./Mitis (Sandst.) H a l e & 
C u l b . , C Rangiferina (L.) N y l . , C stellaris 
(Opis) Brodo , Deschampsia flexuosa (L.) T r i n . , 
Eriophorum vaginatum L . , Vaccinium myrtillus 
L . , V vitis-idaea L . , Empetrum hermaphroditum 
(Hagerup) and Calluna vulgaris (L.) H u l l , are 
major forage plants (Skuncke, 1958; Gaare & 
Skogland, 1975; Er iksson et al, 1981; H e l l e , 
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Fig. 1. Areas of interest to forestry and to reindeer hus-
bandry in northern Sweden (Mattsson, 1981). 
1981; Warenberg, 1982; N i e m i n e n et al, 1989). 
M o s t of the winter range, about 90 000 k m 2 , 
lies i n areas where logging is the major industry 
(Mattsson, 1981)(Fig. 1). E v e n though current 
forest management methods are considered by 
reindeer herders to be detrimental to reindeer 
pastures (Lantbruksstyrelsen, 1984) o n l y few 
evaluations have been carried out i n Sweden. 
H o w e v e r , A r n s t r o m (1975) studied the effects 
of clear-felling o n reindeer pastures, and Er iks -
son et al. (1987) analyzed the influence of t i m -
ber product ion o n lichens for reindeer grazing. 
Andersson (1984) compared the occurrence and 
quantity of tree lichens between a Picea abies 
(L.) Karst . , Pinus sylvestris (L.) and a P. contorta 
(Doug.) stand. Er iksson and Raunistola (1990) 
studied the impact of soil scarification o n pastu-
res, and K a r d e l l and Er iksson (1992) studied ef-
fects of the introduct ion of P. contorta o n rein-
deer pastures. Retrospective field studies i n Swe-
den of the effects of forest fert i l izat ion on 
reindeer l ichen biomass were first carried out 
by Andersson et al. (1974). 
The annual acreage of treated areas has varied 
greatly w i t h trade conditions during the past 
decade. A high figure was reached i n 1986 
when 56 000 ha of middle-aged to mature coni-
fer stands were treated by large-scale forestry 
companies w i t h i n the three northernmost coun-
ties i n Sweden where most reindeer husbandry 
is located, whereas i n 1988 on ly 26 000 ha were 
treated as compared w i t h 36 000 ha i n 1990 
(Statistical Yearbook of Forestry, 1992). 
Investigations have shown that the t w o most 
c o m m o n l y used fertilizers, a m m o n i u m nitrate 
( N H 4 N 0 3 ) and urea ( C O ( N H 2 ) 2 ) , if proper ly 
handled and spread, have o n l y negligible toxic 
effects o n reindeer (Nordkvis t & Erne, 1983). 
A h m a n and A h m a n (1984) found that fertil iza-
t i o n w i t h a m m o n i u m nitrate or urea caused a 
nitrate accumulation i n forage plants, w h i c h 
was clearly below the toxic level for reindeer. 
T h e y also showed that forest fert i l izat ion w i t h 
a m m o n i u m nitrate as w e l l as w i t h urea increa-
ses the standing crop of some phanerogams of 
importans to reindeer, e.g. Deschampsia flexuosa. 
O n the other hand, forest fert i l ization w i t h am-
m o n i u m nitrate markedly reduces pasture ut i l i -
zat ion during the first winter after treatment. 
Fer t i l izat ion w i t h urea has an even greater nega-
tive effect, that persists for at least t w o winters 
(Eriksson, 1980, 1984). 
In 1975 a long-term project started, the a im 
being investigations into effects of forest ferti l i-
zat ion o n reindeer and on reindeer forage 
plants. The project was conduced i n co-opera-
t i o n w i t h the N a t i o n a l Forest Enterprises of 
Sweden, the Institute for Forest Improvement, 
the Swedish U n i v e r s i t y of Agr i c u l tur a l Sciences 
(Reindeer section), and the N a t i o n a l Veter inary 
Institute. This paper examines the effects of fer-
t i l iz ia t ion on important reindeer forage plarint 
species/groups dur ing an eleven-year experimen-
tal per iod. 
Study area 
The study site is situated 20 k m W N W of Bjur-
h o l m , county of Vasterbotten ( 6 4 ° 0 0 / N , 
1 8 ° 5 0 ' E ) , 235 m a.s.l. Mean annual precipita-
t i o n is 560-807 m m , of w h i c h about 35 % falls 
as snow (Atlas over Sverige, 1953). The gro-
w i n g season ( < + 6° C) lasts 131-139 days 
(Perttu & H u z a r , 1976). The temperature sum 
for the study area is 903° C , w i t h a threshold 
value of + 5 ° C ( O d i n et al, 1983). The soil is 
an i r o n podsol w i t h an average thickness of the 
humus layer being about 3 c m . T h e soi l type is 
sandy/gravely moraine. 
The study site is situated i n the boreal region 
(Sjors, 1986) and is part of Pinus sylvestris (Scots 
pine) stand. The forest type is m a i n l y the dry 
dwarf-shrub type ( A r n b o r g , 1990). The field-
and bottomlayers consist mainly of Calluna vul-
garis, Vaccinium vitis-idaea and Cladina spp. 
O t h e r lichens such as Cetraria ericetorum O p i z . , 
C. islandica (L.) A c h . , Cladonia uncialis (L.) 
W i g g . , Cladonia spp., Stereocaulon spp. occur. 
A m o n g mosses, Pleurozium schreberi, Polytri-
chum spp. and Dicranum spp. dominate. G r a m i -
nids and herbs are rare. 
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Photo 1. Forest fertilizers are usually spread from heli-
copters. Photo L. Oster. 
Stand age at the start of the study was 130 
days. The density and the basal area amounted 
to 491 stems and 11.3 m 2 per hectare, respecti-
vely. M e a n stem diameter at breast height was 
17.5 and mean height was about 14 m . F r o m an 
economical point of view, this stand should not 
have been ferti l ized, since the y ie ld even after 
treatment w o u l d be too l o w . It was, however, 
chosen because the l ichen carpet i n the in i t ia l 
stage was prominent and thus, effects of ferti l i -
zat ion w o u l d be easy to observe. T h e study site 
belongs to an area w h i c h , i n winter time (De-
cember to March) is grazed m a i n l y b y reindeer 
owned by members of V i l h e l m i n a norra Saami 
c o m m u n i t y . 
Tota l deposition by long distance air trans-
port of N H 4 + - N and N O 3 - - N i n the study 
area was about 4-5 k g nitrogen h a - 1 y e a r - 1 
(Lovblad 1991 i n Brakenhielm, 1991). 
Material and methods 
The study was based o n 32 demarcated plots 
(20 m x 20 m), all w i t h i n one fence to keep 
ungulates out. A f t e r visual examination the 
plots were grouped into eight blocks (BI - BVIII), 
each containing four plots. The four plots i n 
the same block were chosen i n such a way that 
they were as comparable as possible. 
Fertilization 
In 1979 and 1985 fert i l ization w i t h a m m o n i u m 
nitrate ( N H 4 N 0 3 ) , containing 34.5 % (N) , and 
w i t h urea ( C O ( N H 2 ) 2 ) , containing 46.0 % ( N ) , 
was carried out i n the blocks according to the 
f o l l o w i n g scheme: 
1. 435 kg a m m i n i u m nitrate h a - 1 , being equiva-
lent to the presently used standard dose i n 
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forestry of 150 k g N h a " 1 , the treatment 
being called A N 150. 
2. 725 k g a m m o n i u m nitrate h a - 1 , equivalent to 
250 k g N h a " 1 , the treatment being called 
A N 250. 
3. 326 urea h a " 1 , equivalent to 150 k g N h a " 1 , 
the treatment being called U r e a 150. 
4. N o fert i l izat ion (control). 
In 19&5, w h e n the plots were refertil ized, bo-
r o n (B), 1 k g h a " 1 was added to treatments 1 
and 2, thus f o l l o w i n g current practice i n fore-
stry. The fertil izer was distributed b y hand as 
evenly as possible over the gross plot . 
Field sampling 
F o r experimental and sampling purposes, a net 
plot , size 15 m x 15 m , was used. The number 
of sampled quadrats was decided after experien-
ces f r o m an unpublished study of standing crop 
i n a stand of the same k i n d (Eriksson O . unpu-
blished data). 
F ie ld samplings were made at the end of J u l y 
1979, 1980, 1982, 1984, 1985, 1986, 1988 and 
1990. The quadrats were randomly chosen at 
the first sampling and later randomly w i t h pre-
viously treated quadrats excluded. Exc luded 
were also quadrats housing boulders, tree stems 
etc. 
Cover and height estimations 
D u r i n g each f ield sampling twenty 0.5 m x 0.5 
m quadrats per plot (in total 640 quadrats) were 
scrutinized as to access cover and mean height 
for each plant species or species group. C o v e r 
was estimated i n per cent so that the field- and 
bottomlayers together w i t h litter and bare soil 
reached 100 %. The species were analyzed as 
single species or lumped together i n species gro-
ups as fo l lows: 
Species/species group Cover Height Standing crop 
Calluna vulgaris X x X 
Vaccinium 
vitis-idaea X x X 
Cladina arbuscula X x -
Cladina rangiferina x X -
Cladina stellaris X X -
Cladina spp. (*) - - X 
* inc luding some Cladonia spp. 
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D u r i n g 1979-1985 a fixed set of quadrats was 
analyzed i n blocks B V - BVII I , but i n blocks 
B I - B I V new quadrats were chosen at random 
and sampled o n each occasion except i n 1985 
(for explanation see below). D u r i n g 1986-1990 
the quadrats were permanent i n blocks BI -
B I V and i n blocks B V - BVI I I new plots were 
selected. Because of the lack of resources i n 
1985, coverage and height estimations were 
made o n l y i n half of the blocks, namely i n 
blocks B V - BVI I I . 
Estimation of standing crop 
A t each f ield sampling, a total of 320 destructi-
ve samples size 500 c m 2 were taken for stan-
ding crop estimation i n half of the blocks. The 
samples were cut i n the centre of the quadrats 
used for cover and height estimation; during 
1979-1984 i n blocks B I - B I V and i n 1985 - 1990 
i n blocks B V - BVII I . 
F o r standing crop assessments, the Cladina 
species were lumped together since the separa-
t i o n of small air dried l ichen fragments into 
species was considered too laborious and unre-
liable. The samples were sorted into species or 
species groups, dried (24 hours at 85° C ) and 
weighed ( + - 0.1 g). 
Weather during the fertilizing period 
In 1979, the fert i l ization was immediately fol lo-
wed by a heavy rainfal l . In 1985, there was dry , 
fair, weather dur ing and after refert i l ization. A f -
ter a few days there were some light rainsho-
wers. 
Statistical analyzes 
The effects of treatments were tested w i t h ana-
lysis of variance ( A N O V A ) , w i t h the G L M 
procedure, and D u n c a n ' s mult iple range test. 
The confidence level between treatments and 
controls was set to 95 %. The development of 
vegetation i n the contro l plots f r o m 1979 to 
1990 was tested w i t h D u n c a n ' s mult iple range 
test. 
Nomenclature fol lows L i d (1985) for vascular 
plants, Hal l ingback and Holmasen (1985) for 
mosses and M o b e r g and Holmasen (1982) for l i -
chens. 
Results 
Basic comparability of study plots 
The ground vegetation w i t h i n the investigation 
area is relatively homogeneous. There were no 
significant differences between plots at the start 
i n 1979 i n species cover or i n cover of Cladina 
species lumped together (Figs. 2, 4, 6, 7, 8). 
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Fig. 2. The impact of forest fertilizers upon the cover 
of Calluna vulgaris during 1979-1990. (• = 
Control plots, A = A N 150 plots, O = A N 250 
plots, • = Urea 150 plots, I = confidence level 
between controls and treatments (95 %)). 
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Fig. 3. The impact of forest fertilizers upon the standing 
crop of Calluna vulgaris during 1979-1990. (• = 
Control plots, A = A N 150 plots, O = A N 250 
plots, • = Urea 150 plots, I = confidence level 
between controls and treatments (95 %)). 
Fig. 4. The impact of forest fertilizers upon the cover 
of Vaccinium vitis-idaea during 1979-1990. (• = 1 
Control plots, A = A N 150 plots, O = A N 250 
plots, • = Urea 150 plots, I = confidence level 
between controls and treatments (95 %)). 
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Fig. 5. The impact of forest fertilizers upon the standing 
crop of Vaccinium vitis-idaea during 1979-1990. 
(• - Control plots, A = A N 150 plots, O = 
A N 250 plots, • = Urea 150 plots, I = con-
fidence level between controls and treatments 
(95 %)). ( 
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Fig. 8. The impact of forest fertilizers upon the cover 
of Cladina stellaris during 1979-1990. (• = Con-
trol plots, A = A N 150 plots, O = A N 250 
plots, • = Urea 150 plots, I = confidence level 
between controls and treatments (95 %)). 
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Fig. 6. The impact of forest fertilizers upon the cover 
of Cladina arbuscula during 1979-1990. (• = 
Control plots, A = A N 150 plots, O = A N 250 
plots, • = Urea 150 plots, I = confidence level 
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Fig. 9. The impact of forest fertilizers upon the standing 
crop of Cladina spp. during 1979-1990. (• = 
Control plots, A = A N 150 plots, O = A N 250 
plots, • = Urea 150 plots, I = confidence level 
between controls and treatments (95 %)). 
Fig. 7. The impact of forest fertilizers upon the cover 
of Cladina rangiferina during 1979-1990. (• = 
Control plots, A = A N 150 plots, O = A N 250 
plots, • = Urea 150 plots, I = confidence level 
between controls and treatments (95 %)). 
Height and stading crop of some species d id 
however differ between plots inspite of meticu-
lous preparations. T h e standing crop of Vaccini-
um vitis-idaea was about 18 % lower i n the A N 
250 plots as w e l l as i n the U r e a 150 plots as 
compared w i t h the contro l plots (Fig. 5). In the 
A N 250 plots, the standing crop of Calluna vul-
garis was about 18 % higher and that of Cladi-
na spp. about 16 % higher than i n the contro l 
plots (Figs. 3, 9). 
D u r i n g the study per iod there was no species 
turnover of important reindeer forage plants or 
plant groups i n the area. The dynamics instead 
involved changes between already existing speci-
es or species groups. 
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Table 1. Mean cover, mean standing crop and mean height of Calluna vulgaris in the control plots and test of signifi-
cant differences (Duncan's multiple range test). Years with the same letter are not significantly different. 
Year Cover Standing crop Height 
% Duncan's test kg/ha Duncan 's test c m Duncan's test 
1979 18 - B C 1011 A - 17 — B C — 
1980 22 A B - 1000 A - 15 — — C D 
1982 23 A B - 970 A - 14 — — — D 
1984 22 A B - 823 A B 15 — — — D 
1985 25 A  793 A B 15 — — C D 
1986 19 - B C 945 A - 17 — B — — 
1988 16 C 673 A B 17 — B — — 
1990 15 C 590 - B 23 A — — — 
Development in control plots 
In the untreated plots, the coverage of Calluna 
vulgaris increased during the first six years but 
then decreased to a lower value than at the 
start of the investigation (Fig. 2). The cover i n 
1988-1990 was significantly lower than i n 
1980-1985 (Table 1). D u r i n g the same per iod, 
the standing crop diminished f r o m 1011 k g h a " 1 
to 596 k g h a " 1 i n 1990 (Fig. 3). The standing 
crop that year was significantly lower than du-
r ing the three first sampling years (Table 1). 
The plant height first decreased to the lowest 
level three years after the start and then i n -
creased to 23 c m i n 1990. The changes were sta-
tistically significant (Table 1). 
C o v e r and standing crop of Vaccinium vitis-
idaea fluctuated over time (Figs. 4, 5) w i t h high 
values i n 1980 and at the end of the investiga-
t i o n period, i.e. eight to ten years between pe-
aks. The standing crop reached its first peak va-
lue of 339 k g h a " 1 i n 1980 and i n 1990 its se-
cond peak w i t h 277 k g h a " 1 . C o v e r was highest 
i n 1980 and 1988, 9 % i n both years. The lo-
west cover was measured i n 1984, 5 %, and the 
lowest standing crop i n 1985, 185 k g h a " 1 , re-
spectively, both significantly different f r o m the 
peak value i n 1980 (Table 2). The average 
height of the plants increased significantly du-
r ing the study period f r o m 10 cm to 14 c m (Ta-
ble 2). 
The summed cover of all reindeer lichens d id 
not change significantly during the investigation 
i n spite of a rather high variation between sam-
pl ing years. The cover of C. arbuscula was rat-
her stable, around' 26-34 %, except i n 1979 
w h e n the cover amounted to 41 % (Fig. 6, Ta-
ble 3). Changes i n the cover of C. rangiferina 
and C. stellaris were insignificant (Figs. 7, 8; Ta-
bles 4, 5). 
The standing crop of reindeer lichens i n -
creased significantly during the study per iod 
f r o m 2152 k g h a " 1 to 4935 k g " 1 (Fig. 9; Table 
Table 2.-Mean cover, mean standing crop and mean height of Vaccinium vitis-idaea in the control plots and test 
of significant differences (Duncan's multiple range test). Years with the same letter are not significantly 
different. 
Year C o v e r Standing crop Height 
% D u n c a n ' s test kg/ha D u n c a n ' s test c m D u n c a n ' s test 
1979 7 - B C D 299 A B 10 C -
1980 9 A B  339 A - 9 D 
1982 6 C D 230 A B 8 D 
1984 5 D 205 - B 9 D 
1985 7 - B C D 185 - B 9 D 
1986 8 A B C D 260 A B 11 - B  
1988 9 A  225 A B 12 - B  
1990 9 A B C - 277 A B 14 A  
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Table 3. Mean cover, mean standing crop and mean 
height of Cladina arbuscula in the control 
plots and test of significant differences (Dun-
can's multiple range test). Years with the same 
letter are not significantly different. 
Year Cover Height 
% Duncan's c m Duncan's test 
test 
1979 41 A — 7 — — C - — — 
1980 30 - B 5 — — E F 
1982 26 - B 5 F 
1984 34 A B 6 - D E — 
1985 31 - B 6 — — C D — — 
1986 33 - B 8 — B — — 
1988 33 - B 8 — B — — 
1990 33 - B 9 A 
Table 4. Mean cover and mean and mean height of Cla-
dina rangiferina in the control plots and test 
of significant differences (Duncan's multiple 
range test). Years with the same letter are not 
significantly different. 
Year C o v e r Height 
% D u n c a n ' s c m D u n c a n ' s test 
test 
1979 18 A 8 — B C - — — 
1980 17 A 6 — E F 
1982 19 A 6 F 
1984 19 A 7 — — - D E — 
1985 20 A 7 — — C D — — 
1986 19 A 8 — B — — 
1988 21 A 8 — B — — 
1990 21 A 9 A 
Table 5. M e a n cover crop and mean height of Cla-
dina stellaris i n the contro l plots and test 
of significant differences (Duncan ' s 
mult iple range test). Years w i t h the same 
letter are not significantly different. 
Year C o v e r Height 
% D u n c a n ' s test c m D u n c a n ' s test 
1979 2 A B 9 - B -
1980 2 - B 8 C 
1982 2 A B 7 C 
1984 3 A B 7 C 
1985 3 A B 8 C 
1986 3 A B 9 A B -
1988 3 A B 10 A B -
1990 4 A - 11 A 
Table 6. M e a n standing crop of Cladina spp. i n the 
control plots and test of significant dif-
ferences (Duncan ' s mult iple range test). 
Years w i t h the same letter are not signifi-
cantly different. 
Year Standing crop 
kg/ha D u n c a n ' s test 
1979 3152 — — C 
1980 3433 — — C 
1982 3235 — — c 
1984 3527 — B c 
1985 4231 A B — 
1986 3729 — B c 
1988 4247 A B — 
1990 4935 A — — 
6). In this standing crop figure also som Clado-
nia species were included, mostly Cladonia un-
cialis, whose cover increased f r o m 0.1 % at the 
start of the study to 2.5 % i n 1990. T h e height 
of the lichens increased o n l y slightly, but signi-
ficantly (Tables 3, 4, 5). 
Effects of the fertilization 
Effects were visible already after one growing 
season. A l l fert i l ization treatments had a positi-
ve effect o n the growth of Calluna vulgaris and 
Vaccinium vitis-idaea, but a negative one o n the 
Cladonia species. 
Calluna vulgaris 
A l l treatments gave the same pattern o n the co-
ver of Calluna vulgaris, w i t h an increase already 
i n the year after the first fert i l izat ion and a 
peak value five years after the first treatment, 
but no obvious effect of the second one (Fig. 
2). The effect o n cover lasted to the last year of 
the experiment except w i t h the A N 250 alterna-
tive. The highest cover of C. Vulgaris during 
the whole experiment was achieved w i t h the 
U r e a 150 treatment i n 1984 (Fig. 2). 
Standing crop reached peak values w i t h all 
treatments three years after the first fert i l izat ion 
and decreased later o n . St i l l five or six years 
after the start of the experiment it was higher 
than i n the control plots (Fig. 3). A f t e r refertili-
zation i n 1985 a new peak value occurred, 
w h i c h was obtained i n all treatments already 
one year after the referti l ization. D u r i n g this se-
cond peak, the standing crop was higher than 
the first one w i t h i n the A N 150 plots. ; A t the 
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end of the investigation the standing crop of al l 
treatments had decreased to the same level as i n 
controls except i n the A N 150 plots. In A N 
250 and U r e a 150 plots, the standing crop dec-
reased to same level as i n the contro l plots al-
ready i n 1988. 
Vaccinium vitis-idaea 
F e w significant changes of the cover of Vaccini-
um vitis-idaea were observed. O n l y i n A N 150 
plots i n 1982 and i n the A N 150 and U r e a 150 
plots at the end of the investigation were signi-
f icantly higher cover figures obtained (Fig. 4). 
The pattern of cover changes i n the three treat-
ments was, however, similar, w i t h an ini t ia l 
peak one year after the first fert i l izat ion and 
then a decrease. Af ter the second fert i l izat ion a 
new increase of the cover occurred, w h i c h st i l l 
prevailed w h e n then investigation was finished. 
H o w e v e r , the same pattern was found i n the 
contro l plots (Fig. 4). 
A t the start of the experiment the average 
standing crop of V vitis-idaea was significantly 
lower i n the plots treated w i t h A N 250 and 
w i t h U r e a 150 than the contro l plots (Fig. 5). 
Consequently, the effects of these t w o treat-
ments were difficult to analyze. H o w e v e r , the 
standing crop increased one year after the ferti-
l izat ion i n all treatments and peak values were 
found one to three years afterwards (Fig. 5). Se-
cond peaks were observed i n the year after re-
fert i l ization. Significant differences were measu-
red i n all years w i t h the A N 150 treatment and 
i n most of the years w i t h the U r e a 150 treat-
ment, but none w i t h A N 250. Similar to case 
the cover, the standing crop had the same gene-
ral pattern as found i n the contro l plots (Fig. 
5). 
Cladina spp. 
The three Cladina species, Cladina arbuscula, 
Cladina rangiferina and Cladina stellaris, had a 
summed cover ranging between 55 % and 61 % 
at the beginning of the study per iod. 
The cover of G arbuscula i n plots treated 
w i t h A N differed significantly f r o m the contro l 
plots i n 1982, three years after the first fertil iza-
t i o n and the again after referti l ization (Fig. 6). 
In plots treated w i t h U r e a 150, the cover had 
decreased significantly i n 1982 and all f o l l o w i n g 
years, an effect that could sti l l be measured i n 
all treatments i n 1990, eleven years after the 
start of the experiment. 
A l s o C rangiferina reacted negatively (Fig. 7). 
Three years after the start the cover was signifi-
cantly lower i n the treated plots than i n the 
control plots. The differences continued for 
nine years i n plots treated w i t h A N 150 and 
eleven years i n those treated w i t h A N 250. The 
effect of the U r e a 150 treatment o n C rangiferi-
na lasted throughout the study period. 
The treatments w i t h A N 150 and A N 250 
did not change the cover of C stellaris signifi-
cantly (Fig. 8). The treatment w i t h U r e a 150 
caused significant changes i n cover o n l y i n 
1982, three years after the first fert i l izat ion. 
The cover of the three Cladina species to-
gether diminished to between 27 and 41 % at 
the end of the study period, depending o n the 
treatment. The U r e a 150 treatment diminished 
the cover of reindeer lichens more than the n i -
trate treatments. The lowest cover was mesured 
three years after the first fert i l ization compared 
to the contro l cover (22 %). The referti l ization 
d id not cause a further decrease i n any of the 
treatments. 
Treatments w i t h the three different fertilizers 
all gave a diminishing trend o n the standing 
crop of Cladina spp. dur ing the study per iod 
(Fig. 9). D u r i n g the first years the drop was 
steeper than later on , but the standing crop d i -
minishing cont inuously during the investigation 
period. The decrease i n standing crop was most 
obvious i n the U r e a 150 plots. 
The fertilization effects on plant height 
The treatments d id not lead to significant 
changes i n the height of V. vitis-idaea, but C . 
vulgaris grew significantly higher i n ferti l ized 
plots than i n the contro l plots. The U r e a 150 
treatment caused the largest effect over t ime. 
The height of C. arbuscula and C rangiferina 
diminished significantly i n U r e a plots but d i d 
not show clear changes i n the nitrate plots. T h e 
fert i l izat ion d id not change the height of C stel-
laris at al l . 
Discussion 
In boreal forest ecosystmens lack of available 
nitrogen l imits the growth of shrubs and trees 
(Albrektson et al, 1977). The increase i n Callu-
na vulgaris cover is probably an effect of i n -
creased shoot length and branching. C. vulgaris 
is a species w i t h l o w requirements and it reac-
ted w i t h an increase i n standing crop to all tre-
atments. A c c o r d i n g to Ke l lner and Marshagen 
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(1981), that k i n d of effect o n the cover of C. 
vulgaris has been reported f r o m other studies 
on sites where grasses and herbs occur w i t h l o w 
cover and frequency. 
Watt (1947, 1955) has s h o w n that i n the he-
ath communities the life cycle of C vulgaris 
can be grouped into pioneer, bui lding, mature 
and degeneration phases. The standing crop of 
C vulgaris is greatest i n the early mature phase 
and decreases throughout the life cycle ( G i -
mingham, 1960, 1977). C. vulgaris i n the study 
area was not i n a pioneer phase. The study area 
had not suffered f r o m forest fire or any other 
obvious disturbance for many years. O n the 
other hand, the amount of dead branches and 
other features of degeneration were not conside-
red to be exceptional at the start of the experi-
ment. The diminishing of the standing crop i n 
the contro l plots may part ly be explained as a 
transition f r o m the mature to the degeneration 
phase. 
The effect of nitrogen fertilizers o n the cover 
of Vaccinium vitis-idaea seems to be quite indif-
ferent even though the standing crop increased 
i n plots treated w i t h A N 150. The total cover 
of V. vitis-idaea was, however, rather small and 
the significant differences between treatment 
plots at the start make it difficult to draw con-
vinc ing conclusions. Measurement of the cover 
of a low-covering species is difficult and causes 
higher uncertainty i n results. This together 
w i t h the presence or absence of other species, 
also affects the occurrence of V. vitis-idaea. 
Persson (1981) found that V. vitis-idaea in -
creased after fert i l ization w i t h a m m o n i u m nitra-
te i n a y o u n g Scots pine stand. Chester and 
M c G r a w (1983) have shown that addit ion of 
nitrogen increased the shoot populat ion of V. 
vitis-idaea, because the probabi l i ty of shoot 
branching increased. In contrast, Gerhardt and 
Kel lner (1986) reported that nitrogen supply led 
to reduction of the cover of V. vitis-idaea, whe-
reas Ke l lner and Marshagen (1991), w h o studied 
the influence of irr igation and l i q u i d fertiliza-
t i o n o n the ground vegetation i n a mature Scots 
pine stand, found that the cover of V. vitis-ida-
ea was quite unaffected by the treatment. 
The increase of reindeer lichens i n the con-
t r o l plots is mainly explained b y the fact that 
the fence had prevented reindeer grazing since 
1979. Furthermore , the l ichen carpet is st i l l i n 
the podet ium renovation phase as described by 
A n d r e y e v (1977). In this phase the g r o w t h of l i -
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chens is higher than the decomposit ion of the 
dead (lower) part of the l ichen thal l i . The large 
biomass makes it reasonable to believe, how-
ever, that the end of the renovation phase is ap-
proaching. 
The treatments resulted in a continuous d i m i -
nishing of the reindeer l ichen standing crop and 
the cover decreased i n all treatments. Persson 
(1981), Fa l tynowics (1986) and Kel lner and 
Marshagen (1991) also observed decreses i n the 
cover of lichens after nitrogen fert i l ization, re-
por t ing that toxic effects of fertilizers and dec-
reases i n the amount of light through shading 
and compet i t ion are some of the most impor-
tant factors for this decrease i n the l ichen stan-
ding crop. 
Changes i n soil p H and incresed litter pro-
duct ion are also factors that may affect lichens. 
In the urea plots, it could be seen that the urea 
treatment had a clear lethal effect o n the Cladi-
na species after the first fert i l ization i n 1979. 
The drastic changes after the first fert i l izat ion 
may depend o n the weather conditions. The he-
avy rainfall after the treatment dissolved the so-
l i d nitrate and urea granulates and thus made 
the total amount of added nitrogen available to 
plants w i t h i n a fair ly short per iod of t ime. A f -
ter referti l ization this process took longer and 
about 1-3 weeks had passed before the granula-
tes could no longer be seen. U r e a can cause i n -
juries to vegetation depending o n the weather 
conditions dur ing and directly after treatment. 
W a r m and dry weather after fert i l izat ion w i t h 
incorrect ly granulated urea has been observed 
to cause injuries to the bot tom layer ( N o h r -
stedt, 1988). 
Lichens have no root-organs and nutrients 
dissolved i n water are absorbed w h e n the thal l i 
come into contact w i t h moisture such as rain-
fal l , surface runoff, or atmospheric h u m i d i t y 
(Hale, 1967; Kershaw, 1985). Lichens accumula-
te nutrients both intra- and extracellularly. A c -
cording to Kershaw (1985), the nutrient require-
ments of lichens are little k n o w n and there is 
no knowledge of the kinds of nitrogen com-
pounds that are important for them (Hale, 
1967). It is, however, clear that there are diffe-
rences between species. Scott et al. (1989) sho-
wed that nitrate f r o m simulated acid rain may 
have a positive effect o n the growth of Cladina 
species and that it is species-specific. O n the 
other hand, it is also k n o w n that forest ferti l i -
zat ion w i t h a m m o n i u m nitrate and urea has a 
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negative effect o n nitrogen-fixing lichens ( H a l l -
b o m & Bergman, 1979; Nohrs tedt et al., 1988). 
The fert i l izat ion w i t h nitrogen is more injuri-
ous to the fungal part i n lichens than to the al-
gal and disturbs the balance between the algal 
and fungal components (Kauppi , 1980; H o l o p a i -
nen & Karenlampi , 1985). Scott et al. (1989) 
showed that l o w p H after long-term spraying 
w i t h rain wate of Cladina rangiferina and Cla-
dina stellaris resulted i n diminished cover, redu-
ced photosynthetic capacity and product ion of 
smaller individual podetia. Thus , the effects of 
nitrogen o n Cladina lichens is a complicated 
process, an interaction of several factors. The 
long-term effects of forest fert i l izat ion and air 
transported nitrogen are not always compara-
ble. Forest fert i l ization is done once or twice 
during a per iod of ten-fifteen years w i t h a dose 
of about 150 k g N h a - 1 compared w i t h atmosp-
heric nitrogen w h i c h distributes considerably 
lower single doses of nitrogen more frequently. 
D u r i n g the life span of the stand, the amount 
of nitrogen distributed as long distance air 
transport is, however, considerably larger than 
t w o instant standard treatments. 
Practical remarks 
Scots pine stands of xeric and of d r y dwarf-
shrub type (Arnborg , 1990) are ranked among 
the most important reindeer winter pastures i n 
Sweden. The field and bot tom layer is domina-
ted by dwarf-shrubs and reindeer lichens w h i c h , 
together w i t h some graminides, f o r m the most 
valuable winter forage. A m o n g lichens, the Cla-
dina species are by far the most important com-
ponent of the winter diet since they are very 
r ich i n carbohydrates and are h ighly palatable 
(Danell et al. 1993, Er iksson & Raunistola 
1993). In this investigation, fert i l ization reduced 
the standing crop of Cladina spp. considerably. 
Linear regression figures showed a reduction of 
23 % - 73 %. A t the same t ime, the standing 
crop of Cladina species i n the contro l plots in -
creased b y about 52 %, w h i c h corresponds to a 
yearly average standing crop increase of 4.7 % 
calculated f r o m the regression equation. 
F r o m the point of view of the reindeer indu-
stry, an increase i n standing crop of phanero-
gams after ferti l ization w i l l not compensate for 
a loss of lichens since, f irstly, phanerogams are 
not i n short supply i n any case, and secondly, 
their proteins w i l l not subsitute the l ichen car-
bohydrates. H o w e v e r , the value of these dwarf-
shrubs is high s imply because they grow toget-
her w i t h Cladina spp. and the feeding reindeer 
can reach them and uti l ize them together w i t h 
lichens wi thout extra energy expenditure. 
Stands of xeric and dry dwarf-shrub type 
( A r n b o r g , 1990) should not, according to M o l ¬
ler (1975), be ferti l ized, as these forest types do 
not y i e l d enough to cover treatment costs. O c -
casionally, however, such stands are included i n 
a treatment programme for various reasons. 
Stands of mesic dwarf-shrub type ( A r n b o r g , 
1990), w h i c h cover a large p r o p o r t i o n of the 
Swedish taiga, are c o m m o n l y ferti l ized. In 
1981-82, for instance, about 89 % of the fertili-
zed forest area o w n e d b y the N a t i o n a l Forest 
Enterprise of Sweden i n the northern part of 
Sweden belonged to this type (Remrod, 1984). 
The mesic dwarf-shrub forest type is fair ly i m -
portant to the reindeer husbandry because it is 
quite c o m m o n and it contains patches of l i -
chens, usually shielded by dwarf-shrubs. The 
protective field layer is very important when 
adverse snow conditions arise (skarta, bodni , 
v i k h i , tsaevas) (Eriksson, 1976), since it may 
keep the lichens available. 
Th is investigation has shown that forest ferti-
l izat ion w i t h a m m o n i u m nitrate or urea, doses 
around or over 150 k g N h a - 1 , gives a clearly 
negative effect o n the standing crop of Cladina 
spp. for a per iod of t ime exceeding eleven years. 
The magnitude of the loss depends o n the 
amount of lichens before treatment (i.e. o n fo-
rest type and previous grazing pressure) and o n 
the type of treatment. A rough estimate based 
o n range w o r k conducted b y the Reindeer Sec-
t i o n , together w i t h results of this study, w o u l d 
suggest a range of 20-1200 k g d.w. h a " 1 prevai-
l ing for more than a decade (Eriksson 1979, 
1983, and unpublished data). Since statistic units 
i n terms of acreage w i t h i n forestry (i.e. forest 
rangers-districts etc.) do not coincide w i t h those 
of the reindeer husbandry (i.e. Saami c o m m u n i -
ties), large-scale evaluations are not readily 
made. This should be taken into account when 
negotiations between the forest industry and 
the Saami communit ies are held concerning fu-
ture fert i l izat ion programmes. A d d i t i o n a l l y the 
average fert i l ization activities over t ime should 
also be considered w h e n the carrying capacity 
of the winter range i n Saami communit ies is 
calculated. 
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